RNA interference (RNAi) induced by small interfering (siRNA) or short hairpin RNA (shRNA) is an important research approach in mammalian genetics. Here we describe a technology called enzymatic production of RNAi library (EPRIL) by which cDNAs are converted by a sequence of enzymatic treatments into an RNAi library consisting of a vast array of different shRNA expression constructs. We applied EPRIL to a single cDNA source and prepared an RNAi library consisting of shRNA constructs with various RNAi efficiencies. Highthroughput screening allowed us to rapidly identify the best shRNA constructs from the library. We also describe a new selection scheme using the thymidine kinase gene for obtaining efficient shRNA constructs. Furthermore, we show that EPRIL can be applied to constructing an RNAi library from a cDNA library, providing a basis for future whole-genome phenotypic screening of genes.
RNA interference (RNAi) induced by small interfering (siRNA) or short hairpin RNA (shRNA) is an important research approach in mammalian genetics. Here we describe a technology called enzymatic production of RNAi library (EPRIL) by which cDNAs are converted by a sequence of enzymatic treatments into an RNAi library consisting of a vast array of different shRNA expression constructs. We applied EPRIL to a single cDNA source and prepared an RNAi library consisting of shRNA constructs with various RNAi efficiencies. Highthroughput screening allowed us to rapidly identify the best shRNA constructs from the library. We also describe a new selection scheme using the thymidine kinase gene for obtaining efficient shRNA constructs. Furthermore, we show that EPRIL can be applied to constructing an RNAi library from a cDNA library, providing a basis for future whole-genome phenotypic screening of genes.
Taking advantage of the huge quantity of genome data currently available [1] [2] [3] [4] [5] , reverse genetics approaches that can determine the role of each gene by loss-of-function are important in determining gene-function relationships. Gene targeting 6 using homologous recombination is widely used, but its labor-intensive processes preclude its convenient and versatile application. Although antisense oligonucleotides can be more conveniently used, outcomes from this approach are often characterized by toxicity, instability and nonspecific effects 7 .
RNAi, a gene suppression phenomenon triggered by doublestranded RNA 8 , is a good alternative 7, 9 , because it is usually specific and can be achieved with unprecedented speed in a wide range of organisms. RNAi has been applied to genome-wide reverse genetics in Caenorhabditis elegans 10 . But the initial use of RNAi had been limited to invertebrates because long (>30 nucleotides, nt) double-stranded RNAs elicit interferon responses in higher vertebrates. This problem was overcome by the finding that a short (21-23 nt) double-stranded RNA (siRNA) directs RNAi in mammals without adverse effects 11 . The transient nature of siRNA effects has been overcome by the development of DNA-based vectors by which siRNA or shRNA is expressed intracellularly [12] [13] [14] [15] [16] [17] .
Despite this progress, there are still no general rules for designing siRNA or shRNA constructs with efficient gene-silencing activity; thus, it costs much time and money to identify suitable constructs. We developed a new technology called EPRIL to produce a library of shRNA expression constructs that can be systematically screened. We have also developed a technology for selecting the most efficient shRNA constructs from the library using the thymidine kinase gene. We furthermore showed that EPRIL can be used to produce an RNAi library from a cDNA library.
RESULTS

Production of an RNAi library
EPRIL comprises several steps of enzymatic treatments to produce an shRNA expression vector library from cDNAs of interest (Fig. 1a) . First, double-stranded DNAs are quasi-randomly fragmented with DNase I (ref. 18). The fragments are then ligated to a hairpin-shaped adaptor containing the recognition sequence of MmeI. Although MmeI was reported to cut the top and bottom strands at 20 and 18 nt away from the recognition sequence, respectively 19 , we found that MmeI cleaves DNA also at 21 and 19 nt away. Therefore, MmeI digestion liberates short 3′-protruding DNA fragments carrying sequences of either 20 or 21 nt from the target cDNAs. In PAGE analysis, MmeI-digested DNA appears as a band of ∼40 nt (Fig. 1b) . After MmeI digestion, the second adaptor is ligated to the liberated fragments. This adaptor carries two degenerate bases at its 3′ end on one strand so that the 3′ protruding end from the MmeI digest is filled in. After the second adaptor ligation, a primer extension reaction is carried out to convert the single-stranded hairpin DNA into a double-stranded DNA bearing inverted repeat sequences joined by a loop sequence (Fig. 1) . Primer extension products are digested by appropriate restriction endonucleases to remove extra sequences outside the inverted repeats and are inserted into a plasmid vector described below. The extra sequence in a long loop flanked by inverted repeats is then removed with appropriate restriction endonucleases and religated to form a circle.
For library construction and shRNA expression, we used a retrovirus vector containing an RNA polymerase III-driven promoter from the mouse U6 gene to ensure stable RNAi expression 20 .
RNAi library from cDNA encoding GFP
To evaluate the effectiveness of EPRIL, we produced a shRNA-expressing library from a cDNA encoding green fluorescent protein (GFP). Sequence analysis of individual clones from the library showed that is complementary to mRNA sequences, was located on the 5′ or 3′ side of shRNA with almost the same frequency (54.6% versus 45.4%, P > 0.1). Analysis of target sequence positions showed that various shRNA constructs were generated from the target gene; 96.3% coverage was achieved across the entire 720-nt GFP-coding sequences with 157 nonredundant shRNA constructs from 251 independent clones. Thus, EPRIL allows high-throughput production of an array of shRNA constructs from a cDNA of interest. We produced retroviruses harboring shRNA-expressing constructs from individual plasmids in 96-well plates, allowing us to obtain a large array of independent viruses. We then infected Jurkat T cells expressing GFP with the viruses and determined the level of expression of GFP by flow cytometry. We analyzed the distribution of RNAi efficiency from the compiled results of 262 nonredundant constructs (Fig. 2a) . About 56% of constructs had low RNAi efficiency (reduction in GFP expression by a factor of less than 1.5). To estimate the probability of finding shRNA constructs with an RNAi efficiency causing at least a given relative reduction (x) in GFP expression, we plotted the fractional abundance of shRNA constructs with a relative reduction greater than x against x (Fig. 2b) . Approximately 30% of shRNA constructs reduced expression by a factor of at least 2, whereas only a small percentage reduced expression by a factor of 8 or more. The overall probability was proportional to the relative reduction value with approximately -1.7 power-law scaling, which means, for example, that to find RNAi constructs that are 5 times more efficient, 15 times (5 1.7 ) more candidate constructs must be screened.
T E C H N I C A L R E P O R T S
We then analyzed the regional dependence of RNAi efficiency. Efficient and inefficient shRNA constructs were distributed throughout the entire region (Fig. 2c) . For quantitative analysis, we grouped the data into ten equal subregions (Fig. 2d) and carried out variance analysis. We found no significant regional dependency (Kruskal Wallis test, P > 0.4). Notably, the results indicated that even the region within 72 nt of the start codon can serve as a good target, despite the previous presumption that the region is a poor substrate for RNAi 9 . As to the orientation of shRNA constructs, there was the overall tendency for guide sequences residing in the 3′ side to be more effective.
The patterns of variability in RNAi efficiency are cell-typeindependent, as the ten representative constructs tested showed similar efficiency profiles in HEK293 or HeLa cells (data not shown). Direct transfection of the plasmid or PCR-amplified minimal shRNA expression cassettes had profiles similar to those with retroviral transduction (Fig. 3a) , excluding the effect of differences in viral titer. Furthermore, RNAi profiles with direct transfection of in vitro-transcribed shRNA correlated well to that of DNA-based expression (Fig. 3b) . We obtained similar results with in vitrotranscribed shRNAs predigested with Dicer. These results indicate that the factors determining the RNAi efficiency profile are downstream of the transcription and Dicer-processing step.
RNAi library from cDNA encoding type 1 IP3R
To determine whether our strategy is applicable to endogenous genes, we used a DNA encoding the type 1 inositol 1,4,5-trisphosphate receptor 21 (IP3R) as a target. As with GFP, we obtained various shRNA constructs for IP3R. Of the 256 clones with sequence data, 214 carried the shRNA constructs, which included 199 nonredundant constructs with different target positions. For the rapid screening of effective shRNA constructs, we developed Jurkat T cells with a reporter construct that expresses head-to-tail linked mRNAs of GFP and IP3R. The degradation of target mRNA by shRNA constructs can be evaluated by monitoring the reduction in GFP fluorescence 22 . The shRNA constructs targeting IP3R also had varied RNAi efficiencies (Fig. 4a) . We selected two of the most effective shRNA constructs, SI2A5 and SI3G6, and tested whether they could direct effective RNAi for endogenously expressed IP3R in the vascular smooth muscle cell line A7r5 (ref. 23) . Western-blot analysis confirmed the reduction in IP3R expression levels (Fig. 4b) . The loss of function was also confirmed by measuring vasopressin-elicited intracellular Ca 2+ responses (Fig. 4c) . These results indicate that EPRIL is useful for generating effective shRNA constructs targeting endogenous genes.
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Selection of efficient shRNA constructs in cells
To facilitate high-throughput screening, we developed a new selection scheme that uses a specialized selection marker gene for positive selection of efficient shRNA constructs in cells (Fig. 5a) . The marker gene consists of two parts linked head-to-tail: the first part encodes a fusion protein consisting of thymidine kinase and puromycin N-acetyltransferase 24 and the second encodes the target mRNA. Normally, ganciclovir kills cells carrying this marker gene owing to an intracellular accumulation of a toxic derivative of ganciclovir by thymidine kinase action 24 . Cells transduced with shRNA that have efficient RNAi activity for the target gene will escape death by silencing thymidine kinase expression. We constructed such a marker gene using GFP as the target, introduced it into Jurkat T cells and selected them with puromycin. We then produced retroviruses expressing shRNAs as a mixture from the shRNA library targeting GFP and used them to infect cells expressing the marker gene. We challenged the infected cells by treatment with ganciclovir for 48 h and cultured the ganciclovir-resistant cells. We recovered shRNA constructs by PCR amplification from surviving cells and reconstituted them into retrovirus expression vectors to obtain the selected library. Relative reduction (25) To test whether the ganciclovir selection concentrated efficient shRNA constructs, we infected Jurkat T cells expressing GFP with a mixture of viruses prepared from the reconstituted library. Flow cytometry showed that GFP expression was more attenuated in cells transduced with retroviruses from the ganciclovir-selected library than in cells transduced with retroviruses from the untreated or parental library, indicating that ganciclovir selection concentrated the more efficient shRNA constructs (Fig. 5b) . We confirmed this by analyzing individual clones and observed a marked increase in the number of highly efficient shRNA constructs in the ganciclovir-selected library (Fig. 5c) . These results indicate that the new selection scheme is useful for obtaining efficient shRNA constructs from the library in cells.
RNAi library from a cDNA library EPRIL provides an opportunity for constructing a shRNA library from a complex mixture of cDNAs, such as a cDNA library, rather than a single cDNA source. We tested the applicability of the technology in a comprehensive search for genes responsible for particular cellular functions. We prepared a cDNA library from mRNA expressed in mouse myeloid precursor FL5.12 cells and subjected it to EPRIL to make a shRNA library. We sequenced randomly selected clones and found that 215 of the 240 sequences obtained contained inverted repeats ( Table 1) . Among these, inverted repeats from 35 clones contained sequences consisting of more than 10-nt stretches of poly(A) or poly(T), which presumably originated from poly(A) tails of mRNAs. We subjected the remaining 180 clones to BLAST search; the sequences of 165 clones matched cDNA sequences or ESTs (Supplementary Table 1 online). We grouped these clones originating from gene transcripts according to UniGene clusters (Build 126) and found that 146 of the 165 clones belong to at least one UniGene cluster. Of these, some clones corresponded to the same clusters, suggesting that these clones originated from the same gene. These include genes encoding heat shock protein 8, ubiquitin B and ribosomal protein L41, all of which are highly expressed in many organs. As the size of a UniGene cluster is a rough estimate of the relative expression level, we compared cluster size with the number of appearances of the same gene. The cluster size with repeats of more than one was significantly greater than that without repeats (Mann-Whitney U-test, P < 0.003). These features suggest that the RNAi library represents the original expression profiles. We further analyzed the target positions of the transcripts and found that 53% corresponded to the coding region, 44% to the 3′ untranslated region and 3% to the 5′ untranslated region. Thus, shRNA constructs were obtained from various portions of the transcripts. Collectively, the results indicate that EPRIL can be applied to a cDNA library consisting of a complex mixture of various genes.
DISCUSSION
We established a technology called EPRIL by which a shRNA-expressing library can be enzymatically derived from cDNA templates. When applied to single cDNA sources, the library provides an array of candidate shRNA constructs from various regions of the cDNA. The combination of EPRIL with high-throughput screening and the selection scheme in cells provides a general platform to produce shRNA constructs for every gene. Such collections will greatly contribute to RNAi-based high-throughput reverse genetics in mammals. We attempted to identify sequence preferences for efficient RNAi. Although we found a weak but common tendency for shRNA constructs having uracil at the fourth nucleotide from the 5′ end of the guide sequence to be efficient for silencing GFP and IP3R, preferences at other positions were not always consistent. For example, guanine at the second nucleotide tended to be favorable for silencing IP3R but not GFP. Clearly, more data from various genes are required to determine general sequence preferences.
EPRIL enables the production of a large shRNA library from the cDNA library consisting of a complex mixture of cDNAs. We estimated that the library contains ∼3-40 × 10 5 independent cDNAderived shRNA constructs. Therefore, the present method may enable RNAi-based forward genetics in which one can identify genes by selection based on absolute phenotypic criteria, such as cell morphology, adhesion, cell death, expression level of a key molecule or other functional indexes. shRNA sequences can serve as reliable tags for gene identification, because the probabilities of 9.1 × 10 -13 and 2.3 × 10 -13 that tags of 20 nt and 21 nt, respectively, with random sequences can be perfectly matched 25 are sufficiently small, considering the size of the mouse or human genome (∼3 × 10 9 nt).
We postulate that forward genetics using the RNAi library may be applied at the whole-animal level. Because lentivirus-mediated transduction enables the production of mice carrying shRNA constructs 26 , we can efficiently produce an array of mutant mice with shRNA constructs targeting different genes. Once these are systematically screened based on phenotypes, the gene responsible for a certain phenotype can be readily identified. This feature contrasts with an ongoing large-scale mutagenesis project in mice using ethylnitrosourea 27 . Although ethylnitrosourea mutagenesis efficiently produces mutant mice, the processes used to determine loci are tedious. Furthermore, the variability in RNAi efficiency of shRNA constructs may lead to discovering unique phenotypes owing to the variability in the degree of gene silencing. EPRIL will thus contribute to the elucidation of the gene-function relationship at the whole-genome level through both forward and reverse genetics.
METHODS
Cell culture. We cultured Jurkat T cells in RPMI1640 medium (Invitrogen) containing 10% fetal calf serum, penicillin and streptomycin. We maintained GP293, HEK293, A7r5 and HeLa cells in Dulbecco's modified Eagle's medium (Sigma or Invitrogen) containing 10% fetal calf serum. We maintained FL5.12 cells (a gift from T. Inaba, University of Hiroshima) in RPMI1640 medium (Sigma) containing 10% fetal calf serum and 1 ng ml -1 IL-3 (Wako, Japan).
Plasmid construction.
We constructed all plasmids, including that carrying the shRNA-expressing retrovirus vector, pNAMA-U6, using standard molecular biological techniques. Briefly, we obtained the U6 promoter and termination signal-encoding DNA by PCR amplification from pSilencer1.0-U6 (Ambion) and inserted them into the NheI site of the plasmid carrying the 3′ long terminal repeat (LTR) from the pMX retrovirus vector (a gift from T. Kitamura, University of Tokyo). We subjected the plasmid to PCR amplification (primer sequences available on request) to form BbsI-BsmI sites for inserting shRNAencoding DNA fragments to obtain pBsk-U63-3LTR. To construct pNAMA-U6, we excised a HindIII-SalI fragment bearing the 3′ LTR containing the U6 promoter at the NheI site from pBsk-U63-3LTR and inserted it into the HindIII-SalI site of pda5LTR-DsRed2-M4, which carries the pMX vector backbone lacking the 3′ LTR with the gene DsRed2 originating from pDsRed2-N1 (Clontech).
pMS240-PNS encodes the retrovirus vector expressing the thymidine kinase-puromycin-N-acetyltransferase fusion protein 24 under the control of the SV40 promoter. We constructed it from PCR-amplified fragments encoding thymidine kinase and puromycin acetyltransferase. We subcloned DNA fragments containing the thymidine kinase and puromycin N-acetyltransferase genes into a self-inactivating retrovirus vector, pMS240, that we developed. pMS240-PNS has BamHI-NotI sites for cloning DNA fragments encoding target genes. To select effective shRNA constructs targeting GFP, we inserted GFPencoding fragments from pd2EGFP-1 (Clontech) into the sites.
To construct pMX-d2EGFP-IP3R, a plasmid encoding the retrovirus vector for monitoring IP3R silencing, we prepared DNA encoding destabilized GFP variants from pd2EGFP-1 and inserted it into pMX. We then inserted DNA encoding IP3R from pBS-IP3R into a site downstream of d2EGFP.
EPRIL.
For shRNA constructs targeting GFP, we obtained the BamHI-NotI DNA fragment encoding GFP from pEGFP-1 (Clontech). For IP3R, we prepared a fragment encoding the entire coding region of rat type 1 IP3R by EcoRI-NotI digestion of pBS-IP3R1. To produce cDNA library-derived shRNA constructs, we generated a double-stranded cDNA library from mRNA prepared from FL5.12 cells using a Super SMART PCR cDNA synthesis kit (Clontech) and used this directly for further derivation without subcloning. We then applied EPRIL using these DNA fragments according to the following six-step protocol.
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VOLUME 36 | NUMBER 2 | FEBRUARY 2004 NATURE GENETICS Step 1. Preparation of randomly fragmented DNA. We partially digested the DNA fragment with DNase I in the presence of 1 mM MnCl 2 , 0.1 mg ml -1 bovine serum albumin and 50 mM Tris-HCl (pH 7.5) and repaired its ends with 0.1 U µl -1 T4 DNA polymerase (Takara). We empirically determined DNase I (Takara) concentration for each preparation to obtain digests with an average size of ∼100-200 nt on PAGE.
Step 2. First adaptor ligation and MmeI cleavage. We ligated the digests to a hairpin-shaped oligonucleotide, adaptor 1 (sequence available on request), with T4 DNA ligase (DNA ligation kit version 2, Takara). The hairpinshaped adaptor 1 was purified from a chemically synthesized oligonucleotide by native PAGE before use. We repaired a nick between the 5′ end of adaptor 1 and the 3′ end of the digested DNA with 0.006 U µl -1 E. coli ligase (Takara) in the presence of 0.1 mM NAD, 1.2 mM EDTA, 10 mM (NH 4 ) 2 SO 4 , 4 mM MgCl 2 and 30 mM Tris-HCl (pH 8.0) after phosphorylation with 1.0 or 1.25 U µl -1 T4 polynucleotide kinase. The adaptor-linked short DNA fragments were liberated by cleavage with MmeI (NEB). We detected a liberated DNA fragment as a single band migrating at ∼40 nt on native PAGE. We excised the band in the gel and obtained the MmeI-cleaved product with phenol-chloroform extraction and ethanol precipitation.
Step 3. Second adaptor ligation. We prepared adaptor 2 by annealing an oligonucleotide pair (sequences available on request) and purification using PAGE. The latter oligonucleotide contains two degenerate bases at the 3′ end, denoted as N, which represents A, C, G or T. We ligated adaptor 2 to the MmeIcleaved DNA fragment from step 2 using T4 DNA ligase. After purification by PAGE, we repaired a nick on the adaptor 2-ligated fragment by treatment with T4 polynucleotide kinase (Takara) and T4 DNA ligase.
Step 4. Primer extension. We then subjected the product from step 3 to a primer extension reaction, incubated it with the primer oligonucleotide (sequence available on request) at 94 °C for 135 s in the reaction buffer containing 0.1% Triton X-100, 0.2 mM dNTPs, 10 mM KCl, 10 mM (NH 4 ) 2 SO 4 , 2 mM MgSO 4 and 20 mM Tris-HCl (pH 8.8) and then cooled it to 62 °C. We added 0.02 U µl -1 Bst DNA polymerase large fragment (NEB) to the reaction mixture to initiate the primer extension reaction. The reaction was carried out for 300 s at 65 °C and stopped by cooling to 4 °C. We purified the reaction product by PAGE.
Step 5. Subcloning into plasmid. We digested the product from step 4 with BpmI, blunt-ended it with the Klenow fragment (Takara) and then digested it with BbsI. We digested pNAMA-U6 with BsmI, similarly blunt-ended it, digested it with BbsI and treated it with bacterial alkaline phosphatase (Takara). We gel-purified the digested fragments and ligated them at a molar ratio of about 3:1. We then electroporated the ligation mixture into ElectroMAX DH5α-E competent cells (Invitrogen). We plated the transformed cells on 500-cm 2 LBagar plates containing 100 µg ml -1 carbenicillin. After overnight incubation, we collected the bacterial lawn using a scraper and prepared plasmid DNA using a plasmid purification kit (Plasmid MIDI kit, Qiagen).
Step 6. Truncation of excessive linker. We digested the plasmid purified from step 5 with BcgI, blunt-ended it with T4 DNA polymerase and recircularized it by self-ligation. This treatment removes most of the sequences from adaptor 1 but retains the short linker sequence. To eliminate as much contamination by incompletely digested plasmids as possible, we digested the DNA with MfeI, whose recognition sequence resides in the BcgI-truncated portion of sequences from adaptor 1. We transformed ElectroMAX DH5α-E competent cells by the recircularized plasmids and selected them on LB-agar plates containing 100 µg ml -1 carbenicillin. After overnight cultivation on the plate, we obtained a plasmid library stock.
Recovery of shRNA expression constructs from genome. We recovered shRNA expression constructs by PCR amplification from 100 ng of genomic DNA prepared from the transduced FL5.12 cells. We used Vent DNA polymerase (NEB) for PCR (primer sequences available on request). We digested the PCR-amplified DNA with NotI and AflII and subcloned it into pBsk-3LTR. After transformation and purification, we excised the DNA encoding recovered shRNA constructs containing the 3′ LTR with HindIII and NotI and subcloned it into pda5LTR-DsRed2-M4. The resultant plasmid is structurally the same as pNAMA-U6 and can be subjected to packaging to produce retroviruses carrying the recovered shRNA constructs.
shRNA preparation in vitro. We synthesized shRNAs by T7 promoter-based in vitro transcription. To prepare templates for in vitro transcription, we annealed two chemically synthesized oligonucleotides, a T7 promoterencoding oligonucleotide and a shRNA-encoding oligonucleotide (sequences available on request) at 45 °C for 30 s after incubating for 135 s at 94°C. We then converted the annealed oligonucleotides to double-stranded DNA templates by extension reaction using the Bst DNA polymerase large fragment (0.08 U µl -1 ) at 50 °C for 600 s. We produced shRNA from the purified templates using a CUGA7 in vitro transcription kit (Nippon Gene) according to the manufacturer's protocol. We purified the transcribed shRNA using a gel filtration spin column (MicroSpin G-25, Amersham Biosciences). To produce Dicer-digested shRNA, we treated shRNA with recombinant human Dicer (Gene Therapy Systems) according to the manufacturer's protocol. Oligonucleotide sequences of the 11 different shRNAencoding oligonucleotides are available on request.
Retrovirus production and transduction. For high-throughput screening, we produced and transduced retrovirus carrying shRNA constructs in 96-well plates. We prepared plasmids in 96-well plates using a QIAwell 96 Ultra Plasmid kit (Qiagen) according to the manufacturer's protocol. We transfected GP293 packaging cell lines (Clontech) with ∼200 ng of the retrovirus vector plasmid and 17 ng of the VSV-G-encoding plasmid using Lipofectamine 2000 (Invitrogen) for each well in the 96-well plates. We obtained the culture medium containing retrovirus 2 d after transfection. We transduced retrovirus by adding 50 µl of the medium containing retrovirus particles to 50 µl of Jurkat T cell suspension (1.0 × 10 5 cells per ml). For the middle-scale production of retrovirus, we purified DNA with a Plasmid MIDI kit and packaged retrovirus in GP293 grown on 10-cm dishes by transfection with 24 µg of the retrovirus vector plasmid and 2 µg of the VSV-G-encoding plasmid. When necessary, we concentrated the retrovirus particles by overnight centrifugation followed by resuspension in an appropriate culture medium.
Flow cytometry and evaluation of RNAi efficiency. We estimated relative GFP expression levels based on fluorescence intensity as analyzed by a FACScan flow cytometer (BD). We used relative reduction in GFP fluorescence (control fluorescence intensity divided by that in cells with shRNA transduction) as a measure of RNAi efficiency. To correct batch-to-batch differences in RNAi efficiency due to variation in retrovirus titer, we included a series of internal control shRNA constructs in each 96-well plate.
